Summary
Since late 1997, the floating crust layer in Hanford Tank 241-SY-101 (SY-101) has grown about two meters by gas accumulation. To reverse crust growth and reduce its retained gas volume, the waste in SY-101 will be diluted by transferring at least 300,000 gal of waste out of the tank and replacing it with water. In the fall of 1999, approximately 100,000 gal of this waste will be transferred into Tank SY-102; within a few days of that initial transfer, approximately 100,000 gal of water will be added to This initial back-dilution is being planned to ensure that the base of the floating crust layer will be lifted away from the mixer pump inlet with minimal effect on the crust itself. The concern is that the added water will pool under the crust, so the resulting fluid mixture will be too light to lift the crust away from the mixer pump and dissolution at the crust base could cause unwanted gas release. To ensure sufficient mixing to prevent such stratification, water will be added near the tank bottom either through an existing sparge ring on the base of the mixer pump or through the dilution line at the inlet of the transfer pump.
A number of simulations using the TEMPEST code showed that the mixing of the water and waste by this method is rapi~and the water does not pool under the crust. Although a density gradient is present, its magnitude is small compared with the difference between the slurry and water density. The result is essentially the same whether water is introduced at the base of the mixer pump or at the transfer pump. There is little effect of water flowrate up to the 500 gprn studied. In all cases, the minimum density remained above that required to float the crust and well above the density of saturated liquid. This indicates that the base of the crust will rise during back-dilution and there will be little or no dissolution of the crust base because the water will be close to saturation from the dissolution of solids in the mixed slurry. 
Introduction
Since late 1997, the floating crust layer in Hanford Tank 241-SY-101 (SY-1 01) has grown about two meters by gas accumulation (Stewart et al. 1998; Conner and Koreski 1999) . To reverse crust growth and reduce its retained gas volume, the waste in SY-101 is planned to be diluted by transferring at least 300,000 gal of waste out of the tank and replacing it with water (Raymond 199.9) . A submersible transfer pump has been installed that is designed to introduce water at the inlet to provide in-line dilution to make the waste pumpable and reduce the likelihood of transfer line plugging. At the same, time the mixer pump must continue operating to prevent a return to buoyant displacement gas release events.
The initial transfer of approximately 100,000 gal of waste from SY-101 into SY-102 is planned for the fall of 1999, followed within a few days by addition of approximately 100,000 gal of water to SY-101. This back-dilution is being planned to ensure that the base of the floating crust layer will be lifted away from the mixer pump inlet with minimal effect on the crust itself. The concern is that the natural tendency for the much lighter dilution water to rise and pool beneath the crust would make the resulting fluid mixture too light to float the crust. If this happens, adding water will not lift the crust away from the mixer pump, and dissolution at the crust base could cause unwanted gas release. However, as long as the volume of added water is not too large and the plume of dilution water mixes sufficiently, significant stratification should not occur in the waste.
To ensure mixing, water heated to the bulk tank temperature will be added at 30-70 gpm near the tank bottom either through an existing sparge ring on the base of the mixer pump or through the dilution line at the inlet of the transfer pump. Subsequent back-dilutions are envisioned to involve water additions on top of or directly under the crust; however, technical issues associated with gas release, crust dissolution mechanics, and crust flotation have yet to be fully resolved.
The purposes of this study were 1) to confirm that back-dilution through the mixer pump sparging ring or transfer pump dilution line provides sufficient mixing and 2) to determine whether mixing depends on dilution flowrate. Section 2 describes the approach used to analyze mixing, including both the TEMPEST hydrothermal code (Trent and Eyler 1993 ) and an empirical model for plume mixing. Section 3 presents the results of the analyses, and cited references are listed in Section 4.
Approach
The approach used to assess the potential for stratification was a computational fluid dynamic computer simulation of back-dilution in the tank from the two locations. A twodimensional TEMPEST model was created specifically for back-dilution fkom the mixer pump sparging ring. A 2-D model is appropriate for this case because the mixer pump is near the tank center and the resulting flows are nearly axisymmetric. The model consists of 47 radial and 28 vertical divisions with variable spacing, for a totalof1316 computational cells.
A second, three-dimensional model was also created to address back-dilution at the transfer pump inlet. Because the transfer pump is located in riser 007 (5B) at a 20-fl radius, a twodimensional model would not accurately represent the back-dilution flow and mixing behavior. This three-dimensional model contained 40 radial, 28 vertical, and 21 azimuthal divisions for a total of 23,520 computational cells. Small cells are used in the water inflow region where velocity and density gradients are large.
The models represent the assumed waste configuration after removal of 100,000 gallons of slurry. The waste is represented as a single layer of convective slurry with variable density and viscosity. The 50-60-in. loosely settled layer is considered part of the slurry. The viscosity submodel computes the slurry viscosity as a fiction of the local water volume fraction. The models simulate slurry convection only, both forced and that due to buoyancy. However, because the model is isothermal at a uniform 49°C (120°F), thermal natural convection mixing is conservatively neglected. Effects of dissolution of slurry solids are not modeled. This is conservative because dissolution of solids during water/waste mixing will tend to reduce density gradients and result in less potential for stratification. For added conservatism, the simulations were petiormed with molecular and t&bulent diffhsion models turned off.
TEMPEST cannot simulate a moving boundary so the base of the crust is assumed to be at a constant 312-in. level. Therefore, to satis~continuity, the model requires an artificial outflow cell to balance the water inflow. This cell is located at the tank bottom, at the outer wallhadius to minimize its effect on the plume. Because the 100,000-gal back-dilution is less than 10% of the total waste volume, the effects of assuming a stationary crust are considered negligible.
Back-dilution water was assumed to flow into the tank at 30, 100, 200, or 500 gpm either through the bottom sparge ring (at 24-in. elevation) or at the transfer pump inlet (at about 96-in. elevation). At the various flow rates, the time needed for 100,000 gal of water replacement varies from 3 to 56 hours. One additional case simulated a total back-dilution volume of 200,000 gal at a 100-gpm flowrate.
Analysis Results
The purpose of the simulations was to study the degree of buoyant mixing of dilution water with the mixed slurry for a 100,000-gal water addition after a 100,000-gal waste removal. By parametrically varying slurry viscosity and water flow rates, the range of conditions that could occur during this operation were simulated for the two proposed locations for water addition. All simulations were run as transients, most of them to a "real" time of 100 hours. Typically about two days of CPU run time on the PNNL SGI computer were required to complete a 2-D run. The 3-D model required approximately a week to complete a run.
The results of all the simulations run are summarized in Table 1 . Details are shown in Figures 1 and 2 , which plot typical density contours shortly after water inflow has ceased. Essentially no fbrther mixing occurred after cessation of inflow. Mixing is quite gooc$ even with a 200, 000-gallon transfer/back-dilution or a 500-gpm back-dilution flow at the transfer pump. This is clearly evident in Figure 3 . The minimum specific gravity seen by the crust is 1.46 for a Figure 3) The resultsbelow representwater inflow at the 20-ft mdius simulated with a 3-D model. 
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--'== w--w%9mMmm wtimm'w'G:d#mB@FB; -. ,000-gal back-dilution case. The specific gravity necessary to float the crust is calculated to be 1.41-1 .43 (Stewart et al. 1999) . However, as Figure 3 indicates, this is unlikely to happen even with a 200,000-gal transfer/back-dilution or with back-dilution at the transfer pump.
The simulation results presented above show that mixing of the water and waste is rapid, and the water does not pool under the crust. Mixing is somewhat less complete with water injection at the transfer pump, which is about six feet higher than the base of the mixer pump. The rates of water inflow had only a minor influence on mixing, if one accounts for the different inflow duration. That is, 100 hours after the beginning of back-dilution there is little to distinguish among all the cases with the same water injection location. The initial waste viscosity also plays a very minor role in the mixing process, and its influence can be ignored.
An alternative method, using hand calculations with the equations as described by Epstein and Burelbach (1998) , was used to estimate mixing of the back-dilution water "plume." These equations only approximate the mixing process by assuming a circular plume released into an infinite (radially) medium and do not include real geometry, fluid viscosity, or water accumulation effects. Nevertheless, as a bounding check, these calculations also indicate that mixing is rapid, and the specific gravity of the mixture beneath the crust approaches the specific gravity of the undiluted slurry at 1.60 (see Table 2 ). These specific gravities compare favorably with TEMPEST results, calculated approximately 60 s after back-flow initiation when the flow field had established itself (this is also evident from backward extrapolation of results from Figure 3 ), but the total back-dilution volume was still low. 
